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ABSTRACT 

As part of the Nuclear Energy Advanced Modeling and Simulation (NEAMS) program, an effort is being 
made to leverage codes like Virtual Environment for Reactor Analysis (VERA) and Michigan Parallel 
Characteristics Transport (MPACT) by coupling them with other NEAMS codes. To facilitate coupling 
with other Multiphysics Objected Oriented Simulation Environment (MOOSE) applications, a MOOSE-
wrapped MPACT app is created. The capability of this app, named Trogdor, is demonstrated by coupling 
it with another MOOSE app, BISON. Several single pin problems were run to test the Trogdor and 
BISON coupling. 

1. MOTIVATION FOR MOOSE-WRAPPED MPACT AND BISON COUPLING 

As the VERA [1] is being integrated into the NEAMS program, efforts are being made to couple VERA 
to other NEAMS codes. The primary neutron transport code in VERA is MPACT [2]. MOOSE is a 
framework developed by Idaho National Laboratory to allow users to create their own physics models 
simply by plugging in the governing equations [3]. One such application is the fuel performance code 
BISON [4]. The MOOSE framework also allows coupling between different MOOSE apps [5]. External 
codes can be wrapped in a MOOSE app to take advantage of this coupling capability.  

The goal of this work is to enable the MPACT code as a MOOSE-wrapped app called Trogdor and couple 
it to BISON. Enabling MPACT as a MOOSE-wrapped app would allow it to be coupled with BISON 
through the MOOSE framework. Trogdor takes advantage of the MOOSE framework and the MOOSE 
meshes to transfer data between MPACT and BISON. The MOOSE-wrapped MPACT app could also be 
coupled to other MOOSE apps or MOOSE-wrapped apps. 

2. CODE OVERVIEWS 

2.1 VERA 

VERA [1] is a suite of codes for modeling full-core reactors developed as part of the Consortium for the 
Advanced Simulation of Light Water Reactors (CASL). It consists of many codes that handle different 
physics and are coupled together, as shown in Figure 1. The important codes for this work are MPACT 
for neutronics, CTF for thermal-hydraulics (TH) [6], MOOSE for coupling, and BISON for fuel 
performance.  
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Figure 1. VERA code packages. 

2.2 MPACT 

MPACT [2] is the deterministic neutron transport solver in VERA. MPACT solves the 3D transport by 
means of a 2D/1D system where 2D radial planes are solved by the method of characteristics (MOC), and 
1D axial elements are solved using the nodal element method (NEM). These two components are coupled 
together and accelerated by the coarse mesh finite difference (CMFD) method. MPACT is also tightly 
coupled with CTF [6], an updated version of COBRA-TF, to provide thermal-hydraulic feedback.  CTF is 
called by MPACT as a subroutine, so while CTF calculates the temperature and density distributions, it is 
not directly involved in the coupling implementations between Trogdor and BISON. 

2.3 MOOSE 

MOOSE [3] is a framework developed by Idaho National Laboratory to simplify physics simulation. A 
MOOSE application is created simply by entering the governing equations for physical phenomena [5]. 
MOOSE can automatically mesh a problem and discretize it by the finite element method. The system of 
equations is solved using a Jacobian-Free Newton Krylov (JFNK) method. MOOSE also facilitates easy 
coupling between different MOOSE apps. External codes can also take advantage of this coupling by 
wrapping them as a MOOSE app. 

2.4 BISON 

BISON is a MOOSE app for nuclear fuel performance. It solves the fully coupled thermomechanics and 
species diffusion equations for 1D, 2D, and 3D geometries. Previous work has been done to couple 
BISON with MPACT and CTF through a driver called Tiamat [7]. Tiamat has a two-way coupling with 
BISON receiving power from MPACT and clad outer surface temperature from CTF. BISON calculates 
and returns fuel temperatures to MPACT. Tiamat can use either 2D-RZ or 1.5D BISON models. Even 
with the 1.5D model, the two-way coupling added significant computational burden compared with a 
stand-alone MPACT/CTF run. A file-based one-way coupling from VERA to BISON has also been 
implemented and recently incorporated into the VERAOneWay package. 
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3. TROGDOR IMPLEMENTATION 

A MOOSE-wrapped MPACT app has been created called Trogdor. To demonstrate the functionality of 
this app, Trogdor is coupled with BISON. 

3.1 MOOSE-WRAPPED MPACT 

The base Trogdor app sets up an external MPACT problem and registers the BISON app. Three input 
files are required to run a Trogdor calculation. The first is the Trogdor input file, a MOOSE input file that 
defines the problem mesh and time stepping parameters and specifies the input files for MPACT and 
BISON. Second is the MPACT input file, which is the same as the file for a stand-alone MPACT run. 
Third is the BISON input file. This file is the same as would be used to run a stand-alone BISON case. 

Once execution has begun, the MPACT neutron transport and depletion solves and CTF TH solves are 
called from Trogdor and are solved externally. The pin power and clad surface temperature are synced 
from MPACT to BISON using a MOOSE mesh. BISON is then run, and the fuel temperatures are synced 
back to MPACT. This process is repeated for each timestep. The Trogdor timesteps are the same as the 
MPACT depletion intervals, while BISON uses subcycling to allow it to take smaller timesteps for each 
Trogdor timestep. This subcycling approach is necessary to improve convergence of the BISON 
calculations. 

3.1.1 Mirror Mesh 

An important part of the Trogdor app is the mirror mesh. This is essentially a copy of the MPACT mesh 
in MOOSE that facilitates coupling with other MOOSE apps. In Trogdor a 2D mirror mesh is created for 
each fuel pin that maps to the MPACT RZ mesh. This mesh is used to transfer data between the MOOSE-
wrapped MPACT and BISON apps. 

3.1.2 Transfers 

The coupling between Trogdor and BISON is done by transferring data between the MPACT mirror mesh 
and the BISON mesh. The data transferred from MPACT to BISON are axial region-wise fission rates, 
which are calculated by dividing the pin powers by the energy per fission to convert from energy density 
to specific fission rate. The pin power is a radially averaged value, so this is mapped for each axial level. 
The data transferred from BISON back to MPACT is the fuel temperature. The BISON radial mesh is 
finer than the MPACT mesh, so the fuel temperatures are averaged radially for every axial level. 

3.1.3 Trogdor Input Files 

A Trogdor app is set up by a MOOSE input file trogdor.i. The Trogdor input file contains several blocks 
which set up different components of the app. Examples of these blocks are shown in Figures 2–6. The 
“Problem” block (Figure 2) defines the external MPACT as the problem of interest as well as listing the 
fission rate and temperature as the variables being synced from and to it, respectively. The “MultiApps” 
block, in Figure 3, defines the other apps that are coupled to Trogdor. In this case the multiapp is BISON, 
which is set up by the bison.i input file and executed on the end of each MPACT timestep. Figure 4 
shows an example of the “Executioner” block, which sets the timestepper and the simulation end time. 
The “end_time” is in units of seconds and must match the total length of the MPACT problem. The 
“Mesh” block (Figure 5) defines the mirror mesh type as MPACT and gives its dimensions. The block 
“Transfers” (Figure 6) defines transfers to and from the multiapp, which is BISON in this case. The 
fission rate is synced to and temperatures are synced from BISON meshes using nearest node transfers on 
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the fixed meshes. There are also a few other standard blocks in the Trogdor input file. This input file, 
along with the mpact.xml and bison.i files, defines the whole problem for Trogdor. 

 
Figure 2. Trogdor input Problem block. 

 
Figure 3. Trogdor input MultiApps block. 

 
Figure 4. Trogdor input Executioner block. 

 
Figure 5. Trogdor input Mesh block. 
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Figure 6. Trogdor input Transfers block. 

4. TROGDOR RESULTS 

The capability of Trogdor has been tested for three problems: 

1. a single-pin problem with one depletion step, 
2. a single-pin problem with one depletion step and CTF coupling, and 
3. a single-pin transient with 30 depletion steps. 

Some preliminary results from these cases are presented below. Figures 7 and 8 show the difference 
between the solution of test 1 run with Trogdor compared with the same problem run with MPACT only. 
Figure 7 shows the axial distribution of the difference between the normalized pin powers after the first 
10 day depletion step. Figure 8 shows the axial distribution in the pin of the difference between the fuel 
temperatures after the same time. Figures 9 and 10 plot the axial differences between Trogdor and 
MPACT-only solutions of the pin power and fuel temperature, respectively, for test 2. Figures 11 and 12 
plot the maximum difference between Trogdor and MPACT solutions on each depletion step for test 3. 
Note that these figures only plot the first 20 points because the MOOSE solver in BISON failed to 
converge for some of the time steps. 
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Figure 7. Test 1 normalized axial pin power difference between MPACT-only and Trogdor coupled results. 

 
Figure 8. Test 1 axial pin fuel temperature difference between MPACT-only and Trogdor coupled results. 
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Figure 9. Test 2 normalized axial pin powers difference between MPACT-only and Trogdor coupled results. 

 
Figure 10. Test 2 axial pin fuel temperature difference between MPACT-only and Trogdor coupled results. 
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Figure 11. Test 3 normalized pin power max difference between MPACT-only and Trogdor coupled results. 

 
Figure 12. Test 3 pin fuel temperature difference between MPACT-only and Trogdor coupled results. 

5. CONCLUSIONS AND FUTURE WORK 

The Trogdor MOOSE application has been created and demonstrated for a single pin. The capability of 
coupling Trogdor to other MOOSE apps has been tested with BISON. This was demonstrated to work 
with two-way coupling between Trogdor and BISON for a number of test problems. The next step in this 
work is to extend Trogdor to multi-pin cases. This can be done by creating a MPACT mirror mesh for 
each pin and running a BISON instance for each one. 
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